Background: The role of calcineurin/NFAT signaling in ovarian cancer has been unknown. NFAT was significantly overexpressed in ovarian cancer tissues and that overexpression of NFAT was significantly associated with metastasis and poor prognosis on clinical tissue level. To investigate whether NFAT upstream protein, calcineurin (CN), affects the prognosis in various histological subtype of ovarian cancer (OC).
Background
Ovarian cancer (OC) is the leading cause of death from gynecological malignancies, accounting for 4% of all cancers in women in the worldwide [1] . Ovarian cancers can be classified into three large groups: epithelial, germ cell, and specialized stromal cell tumors. The vast majority of ovarian cancers are epithelial ovarian cancers (EOCs). EOC can be further subdivided into various histological subtypes that fall into two main groups:
Type I and Type II tumors. Type I tumors include lowgrade serous, mucinous, endometrioid, clear cell carcinomas and tend to grow more slowly, often from an identifiable precursor. In contrast, Type II tumors are characterized by high-grade and rapidly progressive disease. High-grade serous ovarian carcinoma and papillary serous cystadenocarcinomas are the most common Type II tumor. Unfortunately, it is also one of the most aggressive. Patients with stage III or IV disease have a dismal 25% 5-year survival rate [2] . In spite of improvements of treatment, survival rates for patients with advanced disease remain gloomy [3] . However, the molecular mechanism of ovarian cancer initiation and progression has been still poorly understood. Therefore, it is essential to understand its molecular mechanism before establishing novel therapeutic and diagnostic strategies against the deadly disease.
Calcineurin (CN) is composed of two subunits, a catalytic subunit called calcineurin A (CNA) encoded by three separate genes (PPP3CA, PPP3CB and PPP3CC), and a regulatory subunit, calcineurin B (CNB) encoded by two genes, PPP3R1 and PPP3R2, with the latter restricted to testis and brain. CN is a calcium dependent serine/threonine phosphatase that plays a central role in immunity, as demonstrated by the use of calcineurin inhibitors cyclosporine A and tacrolimus (FK506) as immunosuppressants [4] . In the presence of elevated calcium, calmodulin binds to calcineurin, displacing the autoinhibitory domain from the active site, leading to activation of calcineurin and subsequent dephosphorylation of target proteins. Calcineurin substrates include transcription factors, proteins involved in cell cycle and apoptosis, cytoskeletal proteins, scaffold proteins, membrane channels and receptors [5] . The best characterized calcineurin substrates are the nuclear factor of activated T cells (NFAT) transcription factors. Following dephosphorylation by calcineurin, NFAT is translocated to the nucleus where it regulates gene expression. The calcineurin/NFAT pathway is activated in diagnostic breast cancer cases and is essential to survival and metastasis of mammary cancer cells [6] . However, the role of calcineurin/NFAT signaling in ovarian cancer has been unknown.
Recently study revealed that both knockdown and reexpression of NFAT on ovarian cancer cells were employed to observe the effect overgrowth [7] . It was found that NFAT was significantly overexpressed in ovarian cancer tissues in comparison with paired normal control tissues and that overexpression of NFAT was significantly associated with metastasis and poor prognosis on clinical tissue level [7] . Thus, this study aims to investigate whether NFAT upstream protein, calcineurin, affects the prognosis in various histological subtype of ovarian cancer, we have detected the status of calcineurin expression in ovarian cancer tissues and analyzed its clinicopathological significance of calcineurin expression.
Materials and methods

Patients
The retrospective study cohort consisted of 50 ovarian cancer patients (19 
Immunohistochemical staining
Tissues were fixed in formalin and embedded in paraffin, and 2-μm-thick consecutive sections were sliced and mounted on glass slides. The slides were first incubated at 65°C for 30 min and then subjected to deparaffinization in xylene followed by rehydration in a graded ethanol series. Then, the sections were boiled in Trilogy reagent (Cell Marque, Rocklin, CA, USA) for 10 min for antigen retrieval. After washing with 1 × PBS, the slides were immersed in 3% hydrogen peroxide for 10 min to suppress endogenous peroxidase activity. After three rinses with 1 × PBS, the sections were exposed to a mouse anti-calcineurin antibody (Genetex, Irvine, CA, USA) for 1 h at room temperature. After three rinses with 1 × PBS, the slides were incubated in a biotinylated secondary antibody (Dako, Glostrup, Denmark) for 25 min. The slides were then rinsed three times with 1 × Fig. 1 Immunohistochemical staining for CN in ovarian cancer. The tumor tissues of ovarian cancer patients were analyzed for CN expression by immunohistochemical staining as described in Methods. CN(−) indicated the CN-negative expression; CN(+) indicated the CN-positive expression. Scale bar: 50 μm PBS, followed by the addition of horseradish peroxidase (HRP)-conjugated streptavidin for 25 min at room temperature. Peroxidase activity was detected by incubating the slides in the chromogenic substrate 3, 3`-diaminobenzidine (DAB) (Dako) at room temperature. The slides were then counterstained with hematoxylin.
Statistical analysis
The original IHC data were recorded as continuous variables and were analyzed using Mann-Whitney U-test. Kaplan-Meier curve with log-rank test presenting the disease-free survival and overall survival of ovarian cancer exhibiting high or low CN expression. All statistical analyses were performed using SPSS 16.0 and Excel 2007 software. All statistical tests were two-sided, and the thresholds for significance were set at P < 0.05 (*). (Table 1) .
Results
CN is downregulated
We further determined whether the CN expression correlated with survival outcomes of patients with ovarian cancer after surgery. Kaplan-Meier survival analysis followed by the log-rank test showed that higher CN expression (expression level > 50%) in tumor tissues not significantly correlated with reduced disease-free survival among patients with each subtype (Fig. 4 and Table 2 , p > 0.05). Particularly, higher CN expression in tumor tissues significantly correlated with reduced overall survival among patients with serous carcinoma (Fig. 5 and Table 3 , p < 0.05). The results were further verified by TCGA survival data analysis (http://www.oncolnc. org/). Similarly, a catalytic subunit of CN, PPP3CA, is significantly associated with reduced overall survival in ovarian serous carcinoma (Additional file 1: Figure S1 , p < 0.05). In addition, pathological stage, lymph node metastasis, chemotherapeutic resistance, serum CA72-4 level, serum CEA level and age were identified as significant prognostic factors in ovarian clear-cell carcinoma, serous carcinoma, or papillary serous cystadenocarcinoma, respectively (Table 2 and Table 3 , p < 0.05).
Discussion
Ovarian cancer (OC) is one of the most common malignant cancers worldwide and is the tenth leading cause of cancer-related death. Although clinical symptoms are not commonly observed during the early stages of OC development, in most cases, the detection of symptoms during the advanced stage leads to a poor prognosis at the time of diagnosis. Thus, the exploration of new diagnostic and therapeutic molecular targets for ovarian cancer is particularly crucial. In apparent contradiction, activation of calcineurin and its downstream targets also increases tumorigenic potential. As observed by Peuker et al. [8] , calcineurin and downstream signalling pathways are activated in colorectal cancer tumors and cell lines, and inhibition of calcineurin decreases cancer stem cell survival and proliferation. Similarly, calcineurin is activated in breast cancer, specifically in triple negative breast cancer, and promotes migration and invasion in vitro and growth and metastasis in vivo [6, 9] . Analogous findings by others support a pro-tumorigenic role for calcineurin signaling in lung, prostate, bladder, pancreatic, and liver cancer, as well as glioblastoma, melanoma and leukemia [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, only one report has addressed the function of calcineurin in ovarian cancer. Jin et al. [19] found that Calcineurin B homologous protein isoform 2 Kaplan-Meier test using log rank; LN, lymph node; CA125, cancer antigen 125; CA19-9, cancer antigen 19-9; CA72-4, cancer antigen 72-4; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; *p < 0.05 (CHP2) was identified to be expressed in ovarian cancer cell line [19] . CHP2-transfected OVCAR3 cells showed increased proliferation rates and exhibited increased activities of cell adhesion, migration and invasion [19] . Further, the present study expanded these studies and identified a potential target, calcineurin, and demonstrated its tumorprogressive effect on ovarian cancer. We found that the calcineurin expression was significantly upregulated in later-stage specimens of ovarian serous carcinoma, associated with serum CA72-4 level in ovarian clear-cell carcinoma, and that higher CN expression in unique subtype of ovarian cancer correlates with a poor prognostic outcome. In addition, pathological stage, lymph node metastasis, chemotherapeutic resistance, serum CA72-4 level, serum CEA level and age were identified as significant prognostic factors in ovarian clear-cell carcinoma, serous carcinoma, or papillary serous cystadenocarcinoma. The CN/NFAT pathway is activated in diagnostic breast cancer cases and is essential to survival and metastasis of mammary cancer cells [6] . Recently, Xu et al. [20] provided clinical evidence regarding NFAT expression and its clinicopathological significance, finding that overexpression of NFAT in ovarian cancer tissues was significantly associated with metastasis and poor overall prognosis. Mechanistically, it is through activation of ERK1/2/p38/MAPK signaling pathway that NFAT upregulated the c-myc expression [20] . According to these studies, we further examined whether NFAT-related poor overall prognosis is through its upstream protein CN. However, our data exhibited that NFAT expression was not significantly associated with CN expression in various histological subtype of ovarian cancer (data not shown). Taken together, we suggest that CN-related poor overall survival may be through CN-mediated dephosphorylation of other substrates in ovarian cancer. The substrates of CN, including c-Jun [21] , DAXX [22] , BAD [23] , Rb [24] and Drp1 [25] , were associated with the prognosis in ovarian cancer. Further investigations should determine the intrinsic relationship of CN and these downstream proteins on the prognosis of ovarian cancer.
The present study showed that higher CN expression in ovarian serous carcinoma correlates with a poor prognostic outcome. Moreover, the results of TCGA data analysis showed that higher PPP3CA expression (a catalytic subunit of the calcineurin) is associated with reduced overall survival in ovarian serous carcinoma. Recent study reported that a novel significantly mutated gene PPP3CA in lung adenocarcinoma, but not in lung squamous cell carcinoma [26] . The mutations in PPP3CA clustered in the autoinhibitory domain near the C-terminus suggesting it may be gain-of-function alterations [26] . Based on these findings, we suggest that CN-related poor overall survival may be due to the mutation of PPP3CA gene in unique subtype of ovarian cancer. Certainly, it merits further investigation.
Carcinoembryonic antigen (CEA) is one of the longest known tumor antigens [27] , and at present is still the most widely used tumor marker in the management of colorectal cancer [28, 29] . Elevated serum levels of this assay were demonstrated in patients with ovarian adenocarcinomas, up to 87-88% in mucinous histotypes [30] . Elevation of preoperative serum CEA was also strongly correlated with advanced stage in patients with primary MOC and most likely indicated a poor prognosis [31] . Similarly, cancer antigen 72-4 (CA72-4), a glycoprotein, which increases in gastric, colon, breast, and ovarian adenocarcinomas, may be employed alone or in combination with CA125. CA72-4 is less sensitive than CA125 for EOC, but it is not influenced by pregnancy or the menstrual cycle, and it is only slightly influenced by inflammatory conditions [32, 33] . The present study expanded these findings and further showed that higher Kaplan-Meier test using log rank; LN, lymph node; CA125, cancer antigen 125; CA19-9, cancer antigen 19-9; CA72-4, cancer antigen 72-4; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; *p < 0.05 serum CEA level is associated with poor disease-free survival in patients with ovarian clear-cell carcinoma. In addition, higher serum CA72-4 level is associated with poor disease-free survival in patients with ovarian papillary serous cystadenocarcinoma and poor overall survival in patients with ovarian clear-cell carcinoma. The results indicate that CEA and CA72-4 as well as CN may be the potential biomarkers for the prediction of prognosis in unique subtype of ovarian cancer.
There are some limitations of the present study. First, this study is the retrospective design, thereby the possibility of residual measured or unmeasured confounding cannot be eliminated, as with any observational investigation. Second, the study was also conducted in a single hospital in an area of China noted for patients diagnosed as ovarian cancer; therefore, the results may not be generalizable to other population. Future studies must broaden the sources of ovarian cancer cases to enhance the reference of research results.
Conclusion
In the present study, we have, for the first time, found that CN is significantly upregulated in ovarian cancer tissues with later-stage and that the expression of CN, CEA, and CA72-4 was remarkably associated with poor prognosis in unique subtype of ovarian cancer. CN levels may be investigated for use as a prognostic biomarker for risk assessment in unique subtype of ovarian cancer patients.
Additional file
Additional file 1: Figure S1 . Association of CN expression with overall survival in ovarian cancer by TCGA data analysis. A pan-cancer analysis using data in OncoLnc, which linked TCGA survival data to mRNA. Kaplan-Meier curve presenting the overall survival of ovarian cancer exhibiting high or low PPP3CA (a catalytic subunit of CN) expression. Higher PPP3CA expression (expression level > 50%) in the tumor tissues of serous carcinoma was significantly associated with reduced overall survival (p < 0.05). (TIF 3186 kb) Abbreviations AFP: alpha-fetoprotein; CA125: cancer antigen 125; CA19-9: cancer antigen 19-9; CA72-4: cancer antigen 72-4; CEA: carcinoembryonic antigen; CN: calcineurin; IHC: immunohistochemistry; OC: ovarian cancer
